ABSTRACT: The influence of prolonged heating (12. 24and 46h)ontheporous structure and surface properties of 'dolomitic' sorbents was investigated. Noimportant changes in the specific surface areas were found. However. increasing the heating time resulted in a decrease in thetotal pore volume and theaverage pore radius as well as considerable differences in the pore size distributions. These changes may be explained by the effect of sintering which accompanies many gas-solid reactions. The adsorption properties of the sorbents towards hydrocarbons were also investigated and the adsorption energy distribution functions calculated. The investigated surfaces appeared to be strongly heterogeneous.
INTRODUCTION
The thermal dissociation of carbonates is influenced by a number of factors such as the temperature. time, atmosphere over a heated sample, sample mass, grain size, etc. The kinetics of the reaction which occurs according to the scheme: solid (I) = solid (2) + gas (1) is very complicated with the reaction rate depending on the distance from the equilibrium state. Calcite is a single calcium carbonate which is usually used as a reference material (Boynton 1980; G1eixner and Chiang 1985) . With dolomite, thermal decomposition occurs via a system involving a small number of reactions and is still under discussion in the literature (Otsuka 1986; McIntosh et al. 1990) . The process depends strongly on the partial pressure of carbon dioxide over a heated sample. However. the partial pressure of the gaseous product is related to the rate of diffusion of the gas within a heated sample as well as from the sample to the external atmosphere (Bandi and Krapf 1976) . It seems obvious, therefore, that this rate should be different for various sample masses, volumes and shapes (Sharp et al. 1991) . A gradient of gas concentration between the external and internal layers of a large and deep sample bed is to be expected, indicating that the reaction rate should vary within the sample itself (Wilburn and Sharp 1993) . Moreover, the diffusion of gas also depends on the grain size, since fine particlesdecomposemore readily than larger ones as a result of the relatively ready diffusion of evolved gas from the bulk solid (Bandi and Krapf 1976).
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Such gas-solid reactions are likely to be accompanied by structural changes within the solid matrix (Szekely et al. 1976) . These are usually quite complex not only because they may result directly from the chemical change occurring within the solid but also from processes occurring within the crystal network at elevated temperatures. One such phenomenon which has been very carefully investigated is sintering, which leads to an increase in the density of a newly created porous solid phase accompanied by a lowering of its surface free energy. This affects the porosity of a solid which becomes less porous than an unsintered material. The influence of sintering processes has been widely discussed in the literature with respect to the thermal decomposition of limestone and the properties of lime (Wieczorek-Ciurowa 1995) . The longer the time of isothermal heating, the less reactive is the product obtained. The increase in the heating time leads to a decrease in the specific surface area and simultaneously to an increase in the average pore size of lime, although the total pore volume remains unchanged.
In a previous paper (Stefaniak et al. 1999 ) the effect of temperature on changes in the porous structure and surface properties of dolomite (so-called 'dolomitic' sorbents) was described. The aim of the present work was to determine the influence of long-term heating on these properties. When performed in air at 800°C, the partial decomposition of dolomite is assumed to occur according to the reaction (Otsuka 1986):
However, because of the great uncertainty about the mechanism of this process, it is impossible to devise procedural conditions which lead to a strictly defined structure for 'dolomitic' sorbents. Nevertheless, some conclusions on the behaviour of dolomite under thermal treatment conditions may be drawn from the results of physicochemical investigations of the products.
EXPERIMENTAL
The dolomite used in the present investigations was obtained from the Polish domestic deposit Oldrzychowice in Silesia. Its chemical composition (in terms of oxides) was as follows: CaO, 30.58%; MgO, 21.17%; Fep3' 0.21%; AIP3' 0.59%; and Si0 2 , 0.28%. The total weight loss after calcination amounted to 46.30% at lOoo°C. Samples of raw dolomite were heated in a tubular oven (Thermolyne, USA) at 8000C for 12, 24 and 48 h, respectively. After removal from the oven, the samples were stored in a desiccator.
The products' of the partial decomposition of dolomite were determined by means of X-ray diffraction [TUR-M-62 (USSR) instrument with an optical system by Carl Zeiss, Jena]. The porosity of the sorbents obtained was estimated by means of nitrogen adsorption employing the BET equation (ASAP 2010 V2.00 A instrument).
The adsorption properties with respect to hydrocarbon vapours of the sorbents obtained were determined by means of gas adsorption chromatography using the chromatographic peak maximum method of analysis and employing a GCHF 18.3 gas chromatograph (Germany). A sample of each sorbent was placed in the glass column and conditioned with dry carrier gas (hydrogen) at the measurement temperature (30°C) for 3-4 h until a stable base line for the detector signal was obtained. For each 'dolomitic' sorbent examined, the retention curves, i.e. the dependence between the retention volume (VR)and the relative equilibrium vapour pressure (PIPs)' were determined for three adsorbates (n-octane, toluene and benzene). This method has been described in detail elsewhere (Bilinski and Chibowski 1983) . The adsorption isotherms and adsorption energy distribution functions were calculated from the retention data (Rudzinski and Everett 1992) . Table I presents the mode of preparation and the phase composition of the examined 'dolomitic' sorbents. As can be seen from the data, all the sorbents consisted solely of calcite and periclase, with no traces of raw dolomite or CaO being found.
The porosity data, i.e. the values of the specific surface area, total pore volume and average pore radius, are presented in Table 2 . Increasing the isothermal heating time led to a slight decrease in the specific surface area as well as in the total pore volume.However, the average pore size decreased more significantly when compared to sample D-12 (Table 2 ). This may arise from sintering of the newly formed calcite microcrystals which leads to changes within the porous structure. Glasson (1964) has explained the decreasing value of the specific surface area of dolomite containing a high amount of impurities as a result of sintering, and has demonstrated that such a process was enhanced by these impurities especially ferric oxide. However, the mechanism of the first step in the decomposition of dolomite and the formation of two new solid phases (calcite and periclase) is still under discussion (Otsuka 1986). Moreover, it is difficult to distinguish the role of each phase in the creation of a new, porous structure. Some useful information on the changes occurring within the porous structure of the examined 'dolomitic' sorbents may be obtained from the shape of the pore size distribution (PSD) curves. Figure I presents the PSD curves calculated from the nitrogen adsorption data using the BET model. As can be seen, an increase in the heating time caused remarkable changes in the pore size distribution. The number of wide pores observed for sample D-48 was significantly less relative to that for sample D-12, while the number of narrow pores increased. For this reason, the average pore radius for sample 0-12 was higher than that for sample 0-48. Increasing the length of the heating time led to the creation of new, narrow pores while wide ones seemed to disappear. As mentioned above, sintering causes the creation of wide pores instead of narrow ones in the case of lime and hence these two mechanisms are likely to follow quite opposite paths. The porous structure of 'dolomitic' sorbents is a result of the decomposition of dolomite and the formation of new solids, i.e. calcite and periclase. Both phases are assumed to be affected by sintering. In the case of calcite. sintering probably causes its densification and shrinkage, and hence pores whose radii range between 100 Aand 200 A, as created during the chemical reaction, become more shallow. This may be the reason why the peak corresponding to these pores ( Figure 1 )decreased with increasing heating time.
The peak corresponding to narrow pores (radius. 10-20 A) increased in moving from sample 0-12 to sample 0-48. It may be suggested that the sintering of periclase is responsible for the creation of this kind of pore. but a precise explanation requires further investigation.
The adsorption isotherms of selected hydrocarbons determined for the examined 'dolomitic' sorbents are presented in Figure 2 . They are all typical type II isotherms according to the BET classification. Table 3 lists typical adsorption parameters calculated from the BET equation such as the monolayer capacity (am)' the total adsorbed amount (a m ax), the BET constant (C BET ) and the film thickness expressed as the number of adsorbed monolayers (N BET ) . As can be seen from the data presented. the monolayer capacity with respect to n-octane was lower in each case relative to those for the aromatic hydrocarbons. This may be attributed to the specific adsorption interactions of these compounds. In general, all the adsorption parameters presented in Table 3 are very similar to those presented previously (Stefaniak et al. 1999) . These data confirmed the higher values of the monolayer capacities and the lower values of the total adsorbed amounts for all 'dolomitic' sorbents relative to the raw material. Some new information about the energetic heterogeneity of the examined sorbents can be obtained from the adsorption energy distribution function 00 calculated from the retention data (Rudzinski and Everett 1992; Bilifiski 1984) . Figure 3 presents the relationship between the x-function and the interaction energy e, the results obtained for raw dolomite being also included for comparative purposes. These curves appear to have an irregular shape thereby confirming the strong surface heterogeneity of the investigated sorbents. Such heterogeneity usually occurs for non-synthetic materials, such as natural dolomite and the products of its calcination. It can be seen from Figure 3 that a long heating time led to the creation of low-energy sites for the adsorption of n-octane (D-12, 33-38 kJ/mol) and to a significant elimination of those of high energy (0-48, 40-48 kJ/mol) . The X(£)-functions derived for benzene and toluene possess two peaks.
which may be attributed to two main kinds of site responsible for the adsorption of these hydrocarbons. Extended heating seems to lead to the creation of new adsorption sites for aromatic hydrocarbons, when compared to raw dolomite, which are mainly of low energy. However, it should be emphasized that some differences occur in the adsorption site distributions for benzene and toluene despite the similarity of their interactions. An increase in the heating time resulted in the successive creation of new sites for benzene, while for toluene the elimination of high-energy sites and almost no change in the number of low-energy ones occurred (e.g. sample 0-48, Figure 3) . Unfortunately, the chemistry of the surfaces investigated is not defined precisely and so the presented data cannot be discussed in terms of particular types of adsorption site, e.g. those resulting from Ca and Mg atoms or from CO;-ions. As shown previously (Stefaniak et al. 1999) , heating for 2 h at 800°C appears sufficient for the complete decomposition of dolomite to calcite and periclase. Nevertheless, prolonged isothermal heating leads to successive changes in both the porous structure and the surface properties.
CONCLUSIONS
I. Samples heated at 800°C for different time lengths exhibited almost identical XRO spectra and hence the decomposition reaction was completed within 12 h.
